Background: This study sought to identify variables associated with socioeconomic disparities in the treatment of distal forearm fractures in children.
Introduction
Healthcare disparities persist in the United States, particularly for the poor, the uninsured, and racial and ethnic minorities [1] . Despite efforts to close these gaps, socioeconomic and demographic factors continue to impact access to healthcare, quality of care, and treatment outcomes [2, 3] . In addition to ethical considerations, healthcare inequalities account for over $300 billion in excess health care expenditures, lost illness-related productivity, and premature deaths annually in the United States [4] . There is both a moral and economic impetus to address this issue in our society.
Healthcare disparities have been investigated in the management of anterior cruciate ligament injuries, fractures, arthritis, scoliosis, lumbar stenosis, and access to care. Pediatric orthopedic studies have shown that children with private insurance have better access to care when compared to those with Medicaid [5, 6] . Other studies have demonstrated racial disparities in the treatment of pediatric fractures, with minority patients likely to be managed differently than whites [7, 8] .
Distal radius-ulna fractures are among the most common fractures seen in the pediatric population, usually caused by a fall onto an outstretched arm. Management of this type of injury is most commonly nonsurgical due to marked potential for remodeling. However, operative treatment is generally performed for fractures that fail closed management, open fractures or in the multiply injured patient. The primary aim of this study was to evaluate the relationship between socioeconomic and demographic variables with surgeon decision-making and patient outcomes in the management of displaced distal forearm fractures. The authors felt it was important to retrospectively examine our own behavior, as treating physicians, in order to uncover biases and make changes to our practice if needed. We also feel that this information will be helpful to other physicians with a similar practice profile.
Methods
An IRB (University of Alabama, Birmingham) approved by expedited review, retrospective cohort study was conducted at a single institution from January 1, 2010 to December 31, 2015 with patient identified from ICD 9-10 codes. The study cohort included patients less than 18 years of age who were seen in clinic within two weeks of discharge from the emergency department following an acute fracture of the distal one-third of the radius and ulna. emergency department on a delayed basis or those initially evaluate in the clinic were also excluded. In addition, patients who did not achieve an acceptable reduction in the emergency room were scheduled for operative treatment and excluded from analysis.
Study variables included age, sex, race, payer status, time from injury to a clinic appointment, time of cast immobilization, total number of clinic appointments and treatment (surgical versus non-surgical) were recorded. AP and lateral radiographs at the time of bony union were evaluated for residual fracture angulation. All measurements were performed independently by two authors who were blinded to patient clinical data, including race, sex, and insurance status with the exception of date of birth which is listed on radiographs. The mean value between the two reviewers was used for data analysis. Previous work has demonstrated that weighted kappa agreement between observers for common radiographic measurements about the distal radius are over 0.84 (excellent reliability) [9] .
Primary outcomes were classified as either a good, acceptable, or poor based on fracture angulation at the time of bony union. A good outcome was defined as less than 10 degrees of angulation regardless of age. An acceptable outcome less than 20 degrees in patients 9 years-old or older, and less than 30 degrees in patients younger than 9 years-old. A poor outcome was defined as greater than 20 degrees in patients 9 years-old or older, and greater than 30 degrees in patients younger than 9 years-old. Coronal plane angulation was not found to be a variable that contributed to poor outcomes or decision for surgery in this cohort and was therefore excluded from analysis.
Statistical analysis was performed to compare white versus minority patients, private insurance versus Medicaid and/or no insurance, and male versus female in the study cohort. Secondary outcomes included percentage of patients who underwent surgery, average and standard deviation of displacement, average time to first clinic appointment and average total number of clinic appointments. Patients who were classified as having a "poor outcome" were considered by institutional standards to meet surgical indications. All patients with a poor outcome and no patients with a good or acceptable outcome were offered surgical treatment. The percentage of patients who met surgical indications and underwent surgery was calculated with the following equation:
Poor utcome
A t-test was calculated for two independent means. A p-value less than 0.05 was considered significant.
Results
During the study period, 177 patients with distal forearm fractures who met inclusion criteria were identified. One (Table 1) . There was no difference in length of time to first clinic visit, number of clinic visits, and overall duration of follow up (Table 1) . Table 2) . The length of time to first clinic visit, number of clinic visits, and overall duration of follow up were also similar between both groups. White patients had a higher mean and median angulation versus the non-white population but fewer patients with poor outcomes (p 0.03) ( Table 2) . When surgical indications were met, white patients were more likely to have undergone surgery than minority patients (p=0.03). 
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There were 51 (28.8%) female patients and 126 (71.2%) male patients in the study population (Table 3 ). There were no differences in length of time to first clinic visit, the number of clinic visits, and overall duration of follow up.
Female patients had a slightly higher mean and median angulation than male patients, but fewer patients with poor outcomes. Overall, male patients were less likely (7.9% versus 9.8%) to undergo surgery in comparison to female (p 0.29). When surgical indications were met, 100% of female patients underwent surgery when they met surgical indications compared with just 58.8% of male patients (p=0.07). 
Mean angulation +/-SD
Discussion
The primary aim of our study was to evaluate differences in surgical decision-making and treatment outcomes in children treated for acute distal forearm fractures based on insurance status, gender, and race. Our aim was not to highlight flaws in a single medical practice, but rather to bring to light inconsistencies in our non-standardized health system. These results showed few statistically significant differences when comparing these groups. This injury pattern was chosen for investigation due to a relatively standardized algorithm of management. Although there is a minor disagreement regarding the threshold for operative versus non-operative treatment, there are fairly general, objective parameters for the management of these injuries. Closed reduction and casting under sedation was attempted in all patients before deciding on surgical or non-surgical treatments, unless the fracture was extremely Patients with private insurance were 2.6% more likely to undergo surgery than those with Medicaid or no insurance.
This was not a statistically significant difference in this study. It would be interesting to look at the difference in a study with a larger sample size. The same holds true for good, acceptable, and poor outcome differences between groups. Non-whites were 3.2% more likely to have a poor outcome than whites, but patient numbers may have been too small to demonstrate significance.
Although many results did not reach statistical significance, some interesting trends were observed. Patients who were privately insured, white, or female were more likely to undergo surgical treatment. Interestingly, non-white patients were more likely to have either a good outcome or a poor outcome than white patients. Some of these trends could be explained by the severity of the initial fractures, adequacy of initial reductions, or by the healthcare disparities faced by certain socioeconomic demographics, as demonstrated in other studies. Also, as females approach skeletal maturity before males, angulation is less likely to remodel which may influence the decision to recommend surgery. future studies within orthopedics may include more specialized procedures and practices, such as management of severe cervical spine injury.
There are several limitations to this study. First, it was a retrospective study and subject to the limitations inherent to such a study design. We were not able to assess functional and subjective outcomes, such as rotation and activity, as well as patient and surgeon tolerance of residual deformity. Furthermore, we were unable to gather BMI or hand dominance on all patients, which are important variables to consider in such an injury. Of note, fracture angulation in the coronal plane was not measured, as no patient had an isolated coronal plane deformity. Although our results reveal some interesting trends, more patient numbers are needed to establish statistical significance.
Conclusion
Although no definitive conclusions can be drawn from the results of this study, results suggest that treatment disparities are likely to exist in this field. Follow-up studies with larger cohorts may further elucidate potential disparities in these patient groups. More research is needed to clarify existing healthcare disparities in our field with the goal of providing universally equal treatment regardless of socioeconomic factors.
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